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INTRODUCTION 

Traumatic optical neuropathy (TON) results from trauma to optic nerve by head and eye injuries to both military 
and civilian population such as accidents, and blast related combat trauma [1-3]. In a military report, 82% of 
severe eye injuries were caused by blast and blast fragmentation. TON leads to irreversible blindness and 
represent a major public health burden with both economical and social impacts. Unfortunately, treatment is 
still rather limited. Cytokine-mediated neuroprotection has been repeatedly demonstrated, and reliably 
reproduced, in multiple animal models with a range of optic nerve injury conditions [4-6] and block neuronal cell 
death in an excitotoxicity animal model [7-9].  A significant challenge to clinical implementation of this work is 
that cytokines are rapidly degraded by endogenous proteases. So the effect is short lasting. A direct and 
reliable approach to stem cell-mediated neuroprotection is a rational approach. A large body of evidence 
indicates that TON affects optic nerve and its target neurons in the central nervous system, which provide vital 
retrograde trophic support to optic nerve [10-12].  As an alternative approach, we propose a non-invasive, 
systemic delivery of stem cells to optic nerve and related target neurons in the brain. The systemic 
administration of stem cells offers substantial advantages over local delivery. These cells can exert therapeutic 
effects over the injured optic nerve and its targeted neurons in the brain, and multiple injections can be 
performed if needed. Others have successfully used the intravenous administration of MSC for treating stroke, 
cerebral ischemia, brain injury and myocardial infarction [13-15]. Based on the extensive experience with both 
MSC and M-Sch as therapies for regenerative and degenerative medicine, this study will determine whether it 
is realistic to transfer this treatment to the clinical setting.  
 

BODY 

Animal models: Long Evan rats are used in the first year study. Traumatic axonal injury (TAI) model was first 
created with a 60-g Yasargil aneurysm clip (Aesculap AG &C0, Tutlingen, Germany, arrow in image A) 
according to published protocol (16). However, we found it is impossible to use the Yasargil aneurysm clip, 
since it cannot perform ‘dissecting’, which is critical for free blood vessels from optic nerve bundle. We made a 
special clip by modifying a fine forceps (see image B). A reliable TAI model is created by using this modified 
forceps. 

 

 

 

 

 

 

 

2. Isolation rat bone marrow derived mesenchymal stem cells (MSC, see image A); induction of Schwann cells 
from MSC (M-Sch, see image B) and MSC were purified with BD IMagnet combine with FACS analysis.  

Isolation MSC from Long Evans rats using our published protocols (17), Image A showed MSC at 
passage O. 
Induction of Schwann cells from MSC according to published protocol (18-19). Image B showed 
antibody against S100 staining of Schwann cells induced from MSC. Graph C showed FACS analysis 
after CD54/CD90 selection. 

 

A	
   B	
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3. Work out protocols for creating TAI with our customized forceps; cholera toxin B (CTB) to anterogradely 
labeling optic nerves and fluorogold to the superior colliculus to retrogradely label retinal ganglion cells. 

 
 
 
Optic nerve crush with our customized forceps.   Image A is the 
image with CTB injection into vitreous cavity to anterogradely 
label optic nerves (green) after optic nerve crush (triangles 
showed nerve crush site). 
 
 
 

 
 
 
 
 
 
 
 
 
 

B	
  

C	
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Retrogradely labeling retinal ganglion cells by applying fluorogold to the superior colliculus. Image B is 
the retinal whole mount showing fluorogold labeled retinal ganglion cells; Image C is high power image 
of fluorogold labeled retinal ganglion cells. 

 

4. Cell count with Zeiss stereology  

 

 

 

 
 

 

 

 

 

Stereology (Optical Fractionator) was used as described previously (20) to count the number of RGC in all 

conditions to minimize bias and optimize reliability. Using an Axioskop 2 MOT Zeiss microscope with a x2.5 

objective lens (Zeiss, Germany), a semiautomatic stereology system (StereoInvestigator, Microbrightfield) was 

used to trace the area of interest, and a x40 magnification (Leitz) was used to count the number of RGC. For 

each section the computer randomly placed a 100 µm by 100 µm counting frame in different areas of the whole 

retina (1200 µm X 1200 µm in “Fractioner”) with a number of average sampling sites of 30-40. Cells that were 

within the counting frame or touching the green line were counted and marked with a cross. The optical 

fractionator estimated the total number of RGCs by relating the number counted in the random counting frames 

to the sectional volume and then multiplying it by the reference volume.  

 

B	
   C	
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This graph showed RGC survival at 8days after TAI with intravenous injection of MSC, about 60% RGC 
survived compared to untreated control; while TAI without treatment, 40% RGC survived. The difference 
between MSC treated and untreated control is significant (p<0.05). 
Data are presented as mean± standard deviation and analyzed with GraphPad Prism 5.01 for Windows 
(GraphPad software Inc). Statistical analyses were made using analysis of variance (ANOVA) and Newman-
Keuls multiple comparison test.  Differences were considered to be significant at p < 0.05.  
 

 

 

8 days after optic nerve crush and intravenous injection of 
one million MSC. Image A showed retinal whole mount with 
RGC antibody-Brn3 staining showing overall protection of 
RGC after intravenous injection of MSC 24hours following 
TAI. 
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Image B&C: optic nerve section with CTB antrogradely labeled optic nerve axons showing regeneration of 
RGC axons (arrows) after intravenous injection of MSC 24hours following optic nerve crush (triangles showed 
crush sites). 
 

5. Functional evaluation 

A. Optokinetic responses (OKR).  

 

Using our established protocol, animals with TAI at one week had visual acuity reduced to about 0.2 
cycle/degree (c/d); while intravenous administration of MSC preserved visual acuity. However, the visual acuity 
is still reduced to more than 50% of the normal level (>0.5c/d). 

 

B: Electroretinogram (ERG) ERG measure full-field retinal potential from the cornea. Under scotopic 
conditions, a-wave is generated by photoreceptor phototransduction; b-wave is mainly generated by 
depolarization of ON-bipolar cells and Müller cells. The Scotopic threshold responses (STR) are created from 
the innermost retina, where the RGC bodies are located. 

Our preliminary study showed that at one week after ONC without treatment, both a-and b-waves reduced 
compared with untreated wild type rats. Further study will measure STR, which is a good measurement to test 
retinal ganglion cells after TAI. 
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C. Luminance threshold recording (LTR) from the superior colliculus 

The functional state of the retina was evaluated by recording the multi-neuronal responses in multiple (16–18) 
microelectrode penetrations into the unilateral superior colliculus (SC) of anesthetized rats. At each recording 
site, the receptive field was located by presenting flashes of the light spot of 3° in diameter. Response 
luminance threshold was then measured and defined as a minimal luminance of the stimulating light spot 
eliciting criterion multi-unit response (of amplitude twice of the level of the background activity). This procedure 
results in a map of focal luminance thresholds over the whole visual field of the eye contralateral to the tested 
SC. Based on these recordings, the cumulative curve of the luminance thresholds across the retina was 
calculated, which showed the percent of retinal area (y-axis) where the visual thresholds were less than the 
values indicated at the x-axis. Our LTR showed that there was no signal recorded after optic nerve crush, 
indicating the integrity of retina is needed for luminance threshold recording. 
 

 

6. Issues and future study 

• Enhance retinal ganglion cell survival by manipulating MSC specific homing  

•  Promote retinal ganglion axon regeneration by combining local and systemic intervention 

•  Combine retinoid acid with MSC to promote retinal ganglion survival and axon regeneration (need to get 
approval from the Army Contracting Officer Representative) 

• Target on one and two week time points after TAI to get maximum retinal ganglion cell   protection and axon 
regeneration 

• Repeat systemic administration of MSC to see long-term efficacy 

• Continue to work on rat model for TAI, prelabel MSC for tracking their distribution and fate 

•  Study the mechanism of action of MSC in retinal ganglion cell protection; identify factors that protect retinal 
ganglion after TAI, then transfect the factor(s) to MSC to enhance its neuroprotection. 

 

 

KEY RESEARCH ACCOMPLISHMENTS 

•  Reliable create TAI rat model by using our modified forceps 
•  Reliable isolate rat MSC and induction of Schwann cells from MSC (M-Sch) 
•  Worked out a new protocol for MSC purification with BD IMagent combine FACS analysis 
•  Reliable anterogradely label retinal ganglion cells and axons by injecting CTB into vitreous cavity; 

prepare for retinal whole mount 
•  Reliable retrogradely label retinal ganglion cells by applying fluorogold onto the superior colliculus 
•  Worked out protocol for quantifying retinal ganglion cells on retinal whole mount preparation 
•  Intravenous administration of MSC protect retinal ganglion cells after TAI and promote axons 

regeneration 
•  Applying M-Sch to optic nerve crush site preserve retinal ganglion cells after TAI 
•  The Scotopic threshold responses (STR) are the better measurement for TAI model 
•  Optokinetic response provides non-invasive measurement for TAI model 
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•  Luminance threshold recordings from the superior colliculus are not suitable for evaluating retinal 
function after TAI 
 

REPORTABLE OUTCOMES: Provide a list of reportable outcomes that have resulted from this research to 
include: 

▪ The research will be presented at ARVO, 2014, Orlando, FL. 

▪ Optic nerve crush model can be reliably created by using our modified forceps. 
▪ MSC can be purified by BD IMagnet combine with FACS analysis 
▪ Post-doc fellowship will be applied by the end of October; We also get ready to apply grant from California 

Institute Regenerative Medicine (CIRM) based on work supported by this award 
 

•  CONCLUSION: We have reliably created rat model for TAI; reliably isolated MSC and induction of 
Schwann cells. We have found that non-invasive administration of MSC can protect retinal ganglion 
cells after TAI and local administration Schwann cells derived from MSC also protect retina ganglion 
cells. Systemic administration of MSC promotes axon regeneration, however axon regrowth is rather 
limited. To evaluate retinal function after TAI and intervention, the scotopic threshold responses (STR) 
are the better measurement for TAI model; Optokinetic response also provides valuable indication of 
retinal function; and luminance threshold recording for the superior colliculus fails to record any retinal 
activities after TAI. Future study: long-term evaluation of retinal ganglion cell protection and axon 
regeneration after intervention; new regents that have approved to promote axon regeneration combine 
with systemic administration of MSC; prelabel MSC to track their distribution and fate and mechanism 
of action of MSC in neuroprotection and identify factors that protect retinal ganglion cells and promote 
axon regeneration. 
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A. Personal Statement 
Our laboratory has a long history of applying cell-based therapy for retinal degeneration. We have 
explored the efficacy of a range of different cell types (i) cells to replace defective retinal pigment 
epithelial (RPE) cells such as human embryonic stem cell derived –RPE cells, (ii) cells that appear to 
function by releasing growth factors such as peripheral nerve ensheathing cells (Schwann cells) or 
cells genetically modified to release growth factors and (iv) cells with multiple functions such as stem 
cells and progenitors. Our studies have provided the pre clinical data for three prominent first in man 
human clinical trials for retinal degeneration using either human embryonic stem cells (Advanced 
Cellular Therapeutics) or adult mesenchymal stem cells (Johnson and Johnson) or central nervous 
system derived neural stem cells (StemCell inc) . Recently, my laboratory has pioneered a new 
approach to treatment involving systemic administration of mesenchymal stem cells and shown 
extensive morphological and functional preservation in rodent models of retinal disease. I was recent 
recruited to the Cedars-Sinai Regenerative Medicine Institute where we will be collaborating with the 
director, Dr Clive Svendsen who has a long history of using stem cells to model and treat diseases of 
the CNS, other senior faculty conducting research into the eye, and immunologists with an interest in 
transplantation. I will continue to work with our long-term collaborators Dr Gamm (U of Wisconsin) 
using retinal progenitors/stem cells to limit retinal degeneration. Our preclinical studies will be focused 
on the efficacy, long-term survival of donor cells, mechanism of action and immunological responses 
after cell-based therapy. The object of our translational research program is to treat retinal 
degeneration and optic nerve repair with cellular therapy. 
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